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Global antibiotic consumption 2000 to 2010: an analysis of 
national pharmaceutical sales data
Thomas P Van Boeckel, Sumanth Gandra, Ashvin Ashok, Quentin Caudron, Bryan T Grenfell, Simon A Levin, Ramanan Laxminarayan

Summary
Background Antibiotic drug consumption is a major driver of antibiotic resistance. Variations in antibiotic resistance 
across countries are attributable, in part, to diff erent volumes and patterns for antibiotic consumption. We aimed to 
assess variations in consumption to assist monitoring of the rise of resistance and development of rational-use 
policies and to provide a baseline for future assessment.

Methods With use of sales data for retail and hospital pharmacies from the IMS Health MIDAS database, we reviewed 
trends for consumption of standard units of antibiotics between 2000 and 2010 for 71 countries. We used compound 
annual growth rates to assess temporal diff erences in consumption for each country and Fourier series and regression 
methods to assess seasonal diff erences in consumption in 63 of the countries.

Findings Between 2000 and 2010, consumption of antibiotic drugs increased by 36% (from 54 083 964 813 standard 
units to 73 620 748 816 standard units). Brazil, Russia, India, China, and South Africa accounted for 76% of this 
increase. In most countries, antibiotic consumption varied signifi cantly with season. There was increased 
consumption of carbapenems (45%) and polymixins (13%), two last-resort classes of antibiotic drugs.

Interpretation The rise of antibiotic consumption and the increase in use of last-resort antibiotic drugs raises serious 
concerns for public health. Appropriate use of antibiotics in developing countries should be encouraged. However, to 
prevent a striking rise in resistance in low-income and middle-income countries with large populations and to 
preserve antibiotic effi  cacy worldwide, programmes that promote rational use through coordinated eff orts by the 
international community should be a priority.

Funding US Department of Homeland Security, Bill & Melinda Gates Foundation, US National Institutes of Health, 
Princeton Grand Challenges Program.

Introduction
Antibiotic drugs have reduced the burden of common 
infectious diseases and become essential for many 
medical interventions.1,2 However, antibiotic-resistant 
pathogens have emerged and spread among human and 
animal populations worldwide.3,4 Pathogens such as 
meticillin-resistant Staphylococcus aureus (MRSA)5 and 
carbapenem-resistant Enterobacteriaceae (CRE)6 have 
become a global problem. The loss of effi  cacy against 
common pathogens has not only led to a shift towards 
more expensive antibiotic drugs in high-income 
countries, but also to increased morbidity and mortality 
in low-income and middle-income countries, where 
aff ordability of second-line drugs restricts their use.1

The emergence of drug-resistant bacterial strains is due 
to the selection pressure (an external force that reduces 
reproductive success of some individuals in a population) 
imposed by use of antibiotics. The intensity of this natural 
event is driven by a population’s volume of consumption 
of antibiotic drugs, whether use is appropriate or not.7–11 
Identifi cation of spatial and temporal trends in antibiotic 
consumption is important to understand the epidemiology 
of antibiotic resistance. First, identifi cation of regions in 
which rate of consumption of antibiotics per person is 
high or rising can rapidly predict where the threat of new 
resistant infections will be greatest12 and can help to inform 

initiatives to preserve antibiotic effi  cacy.13,14 Second, 
mapping of the distribution of antibiotic consumption 
provides a baseline for the assessment of eff orts for future 
antibiotic drug reduction.

Although some estimates have been made, a com-
prehensive analysis has not been completed. In the USA, 
the ResistanceMap project12 mapped the distribution of use 
of cephalosporins, macrolides, penicillins, fl uoro-
quinolones, tetracyclines, and trimethoprim. Goossens and 
colleagues8 made a detailed inventory of antibiotic use in 
the European Union and neighbouring countries.15 In 1987, 
Col and colleagues16 fi rst attempted to estimate the global 
use of antibiotic drugs with data for a few countries. In this 
report, we aim to assess antibiotic consumption patterns 
from 2000 to 2010 for 16 groups of antibiotic drugs in 
71 countries.

Methods
We used IMS Health MIDAS (IMS Health, Danbury, CT, 
USA) to quantify antibiotic drug consumption. With use of 
national sample surveys done by pharmaceutical sales 
distribution channels (ie, from manufacturer to wholesaler 
to retailer), this database estimates antibiotic consumption 
from the volume of antibiotics sold in retail and hospital 
pharmacies. In each sector, data are collected regularly to 
estimate direct sales from antibiotic drug manufacturers 
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and indirect sales from wholesalers. The sales estimates 
from this sample are projected with use of an algorithm 
developed by IMS Health to approximate total volumes for 
sales and consumption. The algorithm uses regional 
factors and sectorial-specifi c and distri bution-channel-
specifi c factors to project national estimates of antibiotic 
consumption. However, precise details of the algorithm are 
withheld for proprietary reasons (appendix). Figures for 
antibiotic drug consumption are given in standard units 
(the number of doses sold; IMS identifi es a dose as a pill, 
capsule, or ampoule) and are available monthly for 
63 countries and quarterly for eight countries. These data 
are broken down by sector (retail and hospital): 69 countries 
had records for the retail sector and 48 countries had 
records for hospitals (appendix). For several countries, 
antibiotic drug consumption reported in the database from 
IMS Health was underestimated because the audit did not 
cover the entire market; although the percentage of market 
coverage (percentage of sales volume) was estimated. We 
assumed that the sample of antibiotics sales surveyed by 
IMS was representative of national consumption and 
estimated national coverage with simple imputation. 
Finally, data collection procedures imposed additional 
limitations for a few countries (eg, sales of drugs in 
supermarkets were not included) that could not be 
accounted for (appendix).

Data analysis
To derive fi gures for antibiotic consumption per person 
over the period of 2000 to 2010, we linked consumption 
to population estimates from the World Bank.17 

Consumption patterns were reviewed in six selected 
countries for years 2000 and 2010 (India, China, USA, 
France, UK, and Germany). To be consistent with the 
level of spatial reporting in the IMS dataset, we pooled 
population estimates for Costa Rica, El Salvador, 
Guatemala, Honduras, Nicaragua, and Panama into one 
region for Central America. Similarly, we pooled Benin, 
Burkina Faso, Cameroon, Côte d’Ivoire, Democratic 
Republic of the Congo, Gabon, Guinea, Mali, Senegal, 
and Togo into one region for French West Africa. The 
IMS Health MIDAS dataset comprise 16 classes of 
antibiotic drugs (appendix). 

To derive a comparable metric of antibiotic con-
sumption across time, we calculated the compound 
annual growth rate (CAGR) of total antibiotic 
con sumption by each country:

CAGR=(SUEnd/SUStart)(1/N)–1 

In this equation, SUEnd is the total number of standard 
units for the last reported year, SUStart is the total number 
of standard units for the fi rst reported year, and N is the 
number of years between the fi rst and last year of 
reporting.

To identify seasonal peak of antibiotic consumption, we 
used Fourier series decomposition for each of the 
63 countries with monthly reports. We defi ned the peak 
month as that corresponding to the maximum value of 
the annual component of the time series. Before applying 
Fourier decomposition, the time series of antibiotic 
consumption in each country were detrended for 
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Figure 1: Global antibiotic consumption by class in 2000 and 2010
Standard units are defi ned as a single dose unit (ie, pill, capsule, or ampoule).
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long-term changes using local polynomial smoothing 
with a time window of 2·75 years. We assessed robustness 
of the time window length through a sensitivity analysis 
(appendix). We de composed the detrended signal into fi ve 
harmonics—12 month, 6 month, 4 month, 3 month, and 
2 month periods—using the yearly average values of the 
signal to compute the Fourier coeffi  cients, thereby 
allowing quantifi cation of the relative importance of these 
frequencies in the antibiotic consumption signal. We 
assessed the correlation between each harmonic and the 
observed signal using ordinary least squares. We mapped 
the Pearson correlation coeffi  cient between the 12 month 
harmonic and the observed signal (appendix). To account 
for potential non-stationarity in the time series of 
antibiotic consumption for each country, we calculated the 
mean and the standard deviation of the monthly centre of 
gravity for each year that data were available (appendix). 

This analysis showed that non-stationarity was negligible 
in regard of the temporal resolution of the antibiotic 
consumption time series. Finally, to check robustness, we 
mapped the CAGR and consumption level for 2010 from 
IMS Health data against defi ned daily dose (DDD; the 
assumed average maintenance dose per day for a drug 
used for its main indication in adults) per 1000 people, as 
obtained from the European Surveillance of Antimicrobial 
Consumption Network15 for 29 Europeans countries 
between 2000 and 2010 (appendix).

Role of the funding source
The funders of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report. The corresponding author had full access to all 
the data in the study and had fi nal responsibility for the 
decision to submit for publication. 
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Figure 2: Consumption of antibiotics in 2010
Expressed in standard units (ie, pill, capsule, or ampoule) per person (A), and compound annual growth rate of antibiotic drug consumption between 2000 and 2010 (B)
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Results
Between 2000 and 2010, consumption of antibiotic drugs 
increased by 36% (from 54 083 964 813 standard units in 
2000 to 73 620 748 816 standard units in 2010). Cephalo-
sporins and broad-spectrum penicillins accounted for 
55% of the total standard units consumed in 2010 
(fi gure 1). The largest absolute increases in consumption 
between 2000 and 2010 were observed for cephalosporins 
(8·4×10⁹ standard units), broad-spectrum penicillins 
(6·1×10⁹ standard units), and fl uoroquinolones (3·0×10⁹ 

standard units). The most important relative increases 
from 2010 were observed for monobactams (2031%), 
glycopeptides (233%), cephalosporins (93%), and 
fl uoroquinolones (64%). Signifi cant increases in con-
sumption rates were also noted for two last-resort classes 
of antibiotics: carbapenems (45%) and polymixins (13%; 
appendix).

India was the largest consumer of antibiotics in 2010 
with 12·9 ×10⁹ units (10·7 units per person). China was 
the second largest with 10·0 ×10⁹ units (7·5 units 
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Figure 3: Antibiotic consumption by class in 2000 and 2010
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per person), and the USA was the third largest with 
6·8 × 10⁹ units (22·0 units per person). Antibiotic 
con sumption was stable or had moderately decreased in 
high-income countries between 2000 and 2010 (fi gure 2), 
with two exceptions: consumption increased substantially 
in Australia (from 25 in 2000 to 87 units per person in 
2010) and New Zealand (from 26 in 2000 to 70 units per 
person in 2010) and we noted a continuous increase of 
antibiotic consumption. We observed very diff erent levels 
of consumption per person in 2010 in other high-income 
countries with apparently similar rates of economic 
development (eg, 7·89 units per person in the 
Netherlands vs 23·13 units per person in France). In 
2010, the high-income Asian countries and regions 
(Hong Kong, Malaysia, Singapore, and South Korea) all 
ranked within the top eight consumers of antibiotics per 
person. Antibiotic consumption increased substantially 
in developing countries, with the highest rates shown in 
BRICS countries (Brazil, Russia, India, China, and South 

Africa) and French West Africa. 76% of the overall 
increase in global antibiotic consumption between 2000 
and 2010 was attributable to BRICS countries. 
Meanwhile, only 33% of the overall increase in global 
population occurred in BRICS countries between these 
years. In BRICS countries, 23% of the increase in the 
retail sales volume was attributable to India and up to 
57% of the increase in the hospital sector was attributable 
to China.

Between 2000 and 2010, consumption of glycopeptides, 
carbapenems, and monobactams increased in all six 
selected countries (China, France, Germany, the UK, 
India, and the USA), irrespective of their income 
(fi gure 3). By contrast, we show a large increase in 
cephalosporin and fl uoroquinolone consumption, 
mainly in middle-income countries (India and China), 
plus one high-income country (Germany). Consumption 
of polymixins increased in each country apart from 
China.
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Figure 4: Peak month for antibiotic consumption (A) and correlation between consumption and its 12 month harmonic (B); darker shades show greater 
annual seasonality
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The consumption rates for antibiotics had seasonal 
patterns in some countries (fi gure 4). In the northern 
hemisphere, consumption peaked between January and 
March, and in the southern hemisphere, consumption 
peaked between July and November. An important 
exception in the northern hemisphere was India, where 
it peaked between July and September, which is the end 
of the monsoon season. Countries farther from the 
equator generally had more important seasonal patterns 
in antibiotic consumption (eg, Canada vs Philippines, 
supplementary fi gure 4; appendix).

Discussion
This study, to our knowledge, is the fi rst to attempt to 
map and compare the evolution of antibiotic consumption 
on a global scale since the previous review, 27 years ago;16 
a period in which antibiotic use patterns could have 
changed greatly (panel).16 We showed that antibiotic 
consumption increased substantially (36% increase 
between 2000 and 2010), mainly in developing countries. 
Three quarters of this increase occurred in BRICS 
countries, whereas their share in the overall increase in 
global population was only 33%. This fi nding suggests 
that antibiotic consumption in BRICS countries in the 
past decade has been driven by factors other than simply 
demography (eg, economic growth, increased 
expenditure in the medical sector, and increased access 
to antibiotic drugs).1,18–20 We also noted very high antibiotic 
consumption per person in Australia and New Zealand. 
This fi nding is consistent with surveillance data for 
antibiotic use in Australia. The Australian Statistics on 
Medicines reports annual estimates of the aggregate 
community use of prescription medicines, including 
antibiotic drugs, and the National Antimicrobial 
Utilisation Surveillance Program (NAUSP) reports 
antibiotic use in hospitals.21,22 Data from these two 
sources indicate high antibiotic consumption in 
community settings and in hospitals compared with 
some European countries.21,22 National campaigns have 
been implemented to reduce inappropriate use of 
antibiotics for upper respiratory tract infections. When 
started in 2000, these campaigns led to a decrease in 
number of antibiotic prescriptions for upper respiratory 
tract infections, and so the reason for continued high 
antibiotic use during 2000–10 is not clear. However, 
NAUSP24 data for consumption in hospitals indicate 
decreasing use of antibiotics in 2011 and 2012. For New 
Zealand, a recent study investigated nationwide antibiotic 
use in the community for a 7 year period (2005–12).25 
Antibiotic consumption rate per person was high 
compared with many European countries and continued 
to rise an average of 6% per year, consistent with our 
study fi ndings. We were unable to fi nd nationwide 
hospital antibiotic consumption information, but one 
hospital study26 observed lower consumption compared 
with many European countries. As with Australia, a 
national campaign in New Zealand was associated with a 

decrease in antibiotic prescriptions for upper respiratory 
tract infections among children; however, the reason for 
high consumption is unclear.23 Rates of antibiotic 
consumption per person were high in the USA, and, on 
average, were greater than were those for most European 
countries. These diff erences might relate to diff erences 
in treatment guidelines, legislation for antibiotic drug 
advertising (prescription drugs cannot be advertised in 
Europe), marketing strategies, and structural diff erences 
in health-care systems that mean that in the USA, no 
disincentives exist for prescription of outpatient 
antibiotic drugs.27

Across countries, we noted diff erent trends for each 
class of antibiotics. Increased consumption of glyco-
peptides, carbapenems, polymixins, and mono bactams 
was observed in many countries irrespective of their 
income. By contrast, increased cephalosporin and 
fl uoroquinolone consumption was observed mainly in 
middle-income countries such as India and China. The 
changing patterns correspond with changes in the global 
epidemiology of antibiotic resistance and to increasing 
occurrence of some infections that are endemic in 
developing countries. The increase in glycopeptides and 
carbapenems could be explained partly by a rise in global 
burden of MRSA and extended-spectrum β-lacta mase-
producing Gram-negative bacteria.5,7,28,29 Similarly, the 

Panel: Research in context

Systematic review
We searched PubMed for articles published up to 
April 17, 2014, using search terms “antibiotic” and “utilization” 
and “global” or “countries”. The search returned only one 
review, published in 1987, which attempted to estimate 
worldwide antibiotic usage.16 However, the authors of this 
review estimated antibiotic availability in only 22 countries. 
We could identify few studies that estimated antibiotic use in 
Europe8,15 and Latin America.16 The European studies included 
up to 34 countries, whereas the Latin American study included 
eight countries.

Interpretation
This is the largest study of antibiotic consumption in terms of 
the number of countries that were included and it is the fi rst 
study since 1987 to map and compare evolution of antibiotic 
consumption on a global scale. Our results could inform policy 
to improve rational use of antibiotics and delay the emergence 
and spread of resistance. Our study highlights major 
diff erences in the levels of drug consumption per person 
worldwide. Although high-income countries consume more 
antibiotics per person, consumption rates are rising rapidly in 
emerging economies and represent the bulk of the increase in 
consumption over the decade 2000–10. Our fi ndings point to 
the need for a publicly funded international surveillance 
initiative to provide policy makers with evidence-based 
information on global, regional, and national rates and trends 
in antibiotic consumption.
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increase in use of polymixins, a class of last-resort 
drugs,6,30–32 could be partly due to the recent worldwide 
rise in the prevalence of CRE and extensively 
drug-resistant bacteria (Acinetobacter baumannii and 
Pseudo monas aeruginosa). However, the reasons for the 
sub stantial increase in use of monobactams are not clear. 
Monobactams are indicated only in treatment for 
Gram-negative bacterial infections and in patients who 
are allergic to penicillin.33 They have substantially fewer 
adverse eff ects than traditional Gram-negative anti-
bacterial drugs such as aminoglycosides.34 Mono bactams 
might thus be preferred because of their safety profi le 
and absence of reactivity with penicillins.

Some increases in antibiotic consumption are very likely 
caused by inappropriate use. Acute diarrhoeal illness and 
acute undiff erentiated febrile illness (dengue fever, 
malaria, chikungunya fever, Japanese encephalitis, enteric 
fever, leptospirosis, and rickettsiosis) account partly for 
the increased use of cephalosporins and fl uoroquinolones 
in low-income and middle-income countries, even though 
most of these illnesses are not bacterial in origin.35–43 
Inappropriate consumption of antibiotics for acute 
self-limiting diarrhoeal infections is high in Bangladesh, 
China, India, and Thailand; fl uoroquinolones are the 
most commonly prescribed, and cephalosporins the 
second most common.35–39 However, some use of 
cephalosporins and fl uoroquinolones can be justifi ed by 
rising rates of resistance in bacteria that cause diarrhoea 
(such as Salmonella spp and Shigella spp) to older empiric 
antibiotic drugs such as ampicillin, co-trimoxazole, 
tetracyclines, and chloramphenicol.40 Inappropriate 
antibiotic consumption has also been noted for patients 
with viral dengue fever in India, Pakistan, and Vietnam, 
with cephalosporins the most frequently prescribed, and 
fl uoroquinolones the second most frequent.41–43

Our data show seasonal variations in antibiotic 
consumption. In the northern hemisphere, the peak of 
antibiotic consumption was in winter, apart from in India 
where the peak occurred in September. This fi nding is 
consistent with results of a study44 from Delhi that noted 
high average consumption of antibiotics in September. 
Since 2003, incidence of dengue fever has increased—in 
2010 about 33 million apparent cases of dengue fever 
occurred in India alone.45 Several studies in India have 
noted high transmission of dengue fever in the post-
monsoon season, with peak activity in September.46–48 In 
India, 51–69% of patients with dengue fever admitted to 
hospital were prescribed antibiotics, with most receiving 
third-generation cephalosporins or fl uoroquinolones.41 
This surge in febrile illness cases secondary to dengue 
infection possibly could explain why antibiotic 
consumption peaked in September. Antibiotic con-
sumption in the southern hemisphere also peaked during 
winter months. Countries nearer the equator showed low 
correlation with the annual harmonics of the consumption 
time series, suggesting that antibiotic consumption is 
aff ected by climate variations (fi gure 4).

Much of the increase in antibiotic consumption 
occurred in countries that had rapid economic expansion 
(eg, India and China). Although access to antibiotics is 
increasing for individuals who were previously unable to 
aff ord these life-saving drugs, many broad-spectrum 
antibiotic drugs (cephalosporins, fl uoroquinolones, and 
carbapenems) are sold over the counter without presence 
of a documented clinical need. Carbapenems are 
regarded as the last resort against serious Gram-negative 
bacterial infections. Now carbapenem-resistant bacteria 
have emerged and spread widely in many developing 
countries.6

Antibiotic drugs were introduced in high-income 
countries after mortality rates from infectious diseases 
had already decreased after the eff ect of water treatment, 
improved sanitation, and immunisation,49 whereas, in 
many low-income and lower-middle-income countries, 
antibiotics are used as a substitute for public health 
measures. Indeed, inadequate sanitation is thought to 
explain widespread CRE in India,50 alongside fi nancial 
incentives for practitioners to prescribe antibiotics,51 
hospitals’ fi nancial reliance on pharmacy sales,52 and the 
eff ect of unregulated over-the-counter prescribing.53 In 
view of the magnitude of the increase in antibiotic 
consumption and the population growth in developing 
countries, urgent actions are needed to prevent the 
systematic use of antibiotics as a short-cut to infection 
control. Some high-income countries such as France and 
the UK have reduced antibiotic consumption through 
better prescription practices, without measurable harm 
recorded.8,54,55 These successful experiences could provide 
models in Europe and developing countries. However, 
because of diff erences in economic context, policy 
makers need to strike the right balance between curing 
patients now and compromising the likelihood of curing 
future patients. Although antibiotic resistance is a major 
public health threat, far more deaths in low-income and 
lower-middle-income countries are attributable to poor 
access to antibiotics. Nearly a million children die of 
pneumonia every year,56 more than half of them because 
of an absence of appropriate treatment.57

Our analysis is subject to some caveats. In Europe, we 
saw a strong correlation between the DDD and standard 
units to estimate antibiotic consumption per person and 
CAGR. This fi nding means that in Europe (a region in 
which the trends in antibiotic use are well documented) a 
strong, although not perfect, agreement exists between 
established trends and the trends identifi ed through the 
IMS database. The concordance further suggests that 
sales data, such as those collected by IMS Health, could 
potentially be regarded as a good source of information 
when surveillance networks are missing or weak. 
However, we could not establish a perfect match for these 
measures in Europeans countries (appendix p 13). DDD 
(introduced by WHO) is generally preferred over standard 
units because it allows comparisons between diff erent 
drugs and across diff erent health-care environments. By 
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contrast, standard units might vary with diff erences in 
dose and drug potency.58 However, in the absence of 
global data for DDD, the IMS Health database, defi ned in 
standard units, is the most geographically comprehensive 
and standardised infor mation source for antibiotic con-
sumption. Another limitation is non-adherence to 
prescribed drugs in patients, resulting in data for 
antibiotics sales over estimating antibiotic consumption; 
however, this bias is diffi  cult to quantify without sys-
tematic information about eff ective drugs con sumption—
only a few countries (such as the UK59) have put in place 
publicly funded schemes to collect expired or unwanted 
drugs.

The introduction of CRE from south Asia into many 
developed countries50 shows the important need for 
concerted action to contain antibiotic resistance, to 
prevent a surge in resistance in developing countries, 
and to preserve the effi  cacy of existing drugs for future 
generations. To address the loss in antibiotic effi  ciency 
(a natural event) only through the discovery of new 
drugs is an unsustainable strategy because new 
antibiotics are increasingly diffi  cult and expensive to 
discover; the easy drugs have already been found.60 
Although drug discovery should remain a priority to 
strengthen last-lines of defence, eff orts to promote 
rational use of antibiotics, to put in place infection 
control practices, and to improve hygiene should be 
high on the international agenda.
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